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Abstract

The Advanced Communication Technology Satellite (ACTS) is a key to reaching
NASA's goal of developing high-risk, advanced communications technology using
multiple frequency bands to support the nation's future communication needs.
Using the multiple, dynamic hopping spot beams and advanced on board switching
and processing systems, ACTS will open a new era in communications satellite
technology. One of the key technologies to be validated as part of the ACTS
program is the multibeam antenna with rapidly reconfigurable hopping and fixed
spot beam to serve users equipped with small-aperture terminals within the
coverage areas. The proposed antenna technology experiments are designed to
evaluate in-orbit ACTS multibeam antenna performance (radiation pattern, gain,
cross pol levels, etc.)

Introduction-Experiments Description and Goals

The ACTS multibeam antenna technology verification experiments are divided in
two general categories, direct and indirect performance evaluations. The
direct antenna performance evaluation consist of in-orbit antenna pattern
measurements. The indirect antenna performance evaluations consist of
inferring antenna performance by simulating the spacecraft thermal/RF environ-
ment (Ref.l), measurement of the reflector surface and structures temperature
and continuously monitoring the downlink C/N power ratios.

The measurements of in-orbit antenna patterns of the ACTS spacecraft will
characterize (Ref.2-3) the antenna system performance (gain,pointing, sidelobe
level,etc.). This measurements will also be used to verify the thermal/RF
analysis computer codes. The direct identification of individual causes for
antenna performance degradation from thermal effects may not be possible to
determine from the measured antenna patterns. These effects of thermal
distortions on the performance of ACTS antenna system may be indirectly
assessed from the measured reflector surface and structures temperatures.

This data can be used in conjunction with thermal/RF analysis program for
estimating ACTS antenna performance.

Also by continuously monitoring the downlink C/N power ratios at the NASA
Lewis ground station it is possible to determine and correlate the changes in
received power to changes in antenna performance due to thermal effects,
spacecraft drift, autotrack drift, etc.



In-Orbit RF Antenna Pattern Measurements

Multiple antenna far-field pattern (co pol and cross pol) cuts can be

obtained by maneuvering (Ref. 4) the ACTS spacecraft (north-south and west-
east) using the momentum wheel mechanism on board the spacecraft (Figure 1).
This is in principle similar to performing a routine far-field antenna test.

Thermal/Structure/RF Analysis Computer Program

NASA Lewis Research Center has developed-a computer algorithm ( Ref. 5) that
combines thermal structural characteristics with RF antenna performance
(Figure 2). The RF analysis code utilizes physical optics to simulate the
ACTS multibeam antenna system. The structural and thermal program utilizes
TRASYS, NASTRAN and SYNDA computer programs to analyze the thermal deflection
on the antenna system. '

Reflector Surface Temperature Measurements

The ACTS spacecraft includes 20 thermal (Figure 3) sensors on the main reflec-
tor and 3 sensors on the sub-reflector. The actual point temperatures on the
reflector surface are measured and available on a telemetry channel. A two
dimensional polynomial surface interpolation is used to generate sufficient
temperature points for estimating the antenna performance.

C/N Power Ratio Measurements

The overall antenna distortions impact on antenna performance (structural
deformations,polarization impurity,etc.) can be indirectly assessed by using
a minimum of one ground station. This measurement can be done without
affecting normal operation of the station. The receive power is recorded with
respect to time and correlated to the spacecraft thermal cycles.

Preliminary Results and Discussions
Thermal Distortion Analysis

The worst case thermal cycle of the ACTS spacecraft are simulated by the
thermal/structure/RF analysis program and the corresponding antenna perfor-
mance estimated. Specifically the conditions associated to maximum cold and
maximum gradient were analyzed. The ACTS antenna system is simulated without
taking into account the structures holding the reflectors to the spacecraft.
Figure 4a shows the ideal case far-field antenna pattern, figure 4b shows the
maximum cold case far-field antenna pattern and figure 4c shows the maximum
gradient case far-field antenna pattern. All simulations are for the spot
beam located on Cleveland and operating at a carrier frequency of 19.7 GHz.
The changes in antenna performance for all cases are minimum, for example gain
degradation with respect to ideal was less that 0.5 dB. Changes in sidelobe
level were not appreciable, some differences occur in the -20 db sidelobe

level or lower.

More work is underway to include the effects on antenna performance due to



structure deformations. It is expected that this type off effect will cause
severe pointing error and its prediction is of extreme importance.
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Figure 1, In-Orbit Antenna Pattern Measurements.
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Figure 2, Thermal/Structural/RF Computer Program Block Diagram
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